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Abstract
Background: Advanced lower extremity peripheral artery disease (PAD), whether presenting as acute limb ischemia
(ALI) or chronic critical limb ischemia (CLI), is associated with high rates of cardiovascular ischemic events,
amputation, and death. Past research has focused on strategies of revascularization, but few data are available that
prospectively evaluate the impact of key process of care factors (spanning pre-admission, acute hospitalization, and
post-discharge) that might contribute to improving short and long-term health outcomes.
Methods/Design: The FRIENDS registry is designed to prospectively evaluate a range of patient and health system
care delivery factors that might serve as future targets for efforts to improve limb and systemic outcomes for patients
with ALI or CLI. This hypothesis-driven registry was designed to evaluate the contributions of: (i) pre-hospital limb
ischemia symptom duration, (ii) use of leg revascularization strategies, and (iii) use of risk-reduction pharmacotherapies,
as pre-specified factors that may affect amputation-free survival. Sequential patients would be included at an index
“vascular specialist-defined” ALI or CLI episode, and patients excluded only for non-vascular etiologies of limb threat.
Data including baseline demographics, functional status, co-morbidities, pre-hospital time segments, and use of medical
therapies; hospital-based use of revascularization strategies, time segments, and pharmacotherapies; and rates of
systemic ischemic events (e.g., myocardial infarction, stroke, hospitalization, and death) and limb ischemic events
(e.g., hospitalization for revascularization or amputation) will be recorded during a minimum of one year follow-up.
Discussion: The FRIENDS registry is designed to evaluate the potential impact of key factors that may contribute to
adverse outcomes for patients with ALI or CLI. Definition of new “health system-based” therapeutic targets could then
become the focus of future interventional clinical trials for individuals with advanced PAD.
Keywords: Peripheral artery disease, Amputation, Atherosclerosis, Health service research, Outcomes research
Background
Advanced lower extremity peripheral artery disease
(PAD) represents a relatively uncommon, but excep-
tionally high-risk, manifestation of systemic atheroscler-
osis. Both traditional PAD classification systems and
recent evidence-based PAD care guidelines have em-
phasized the potential benefit of more consistent case
classification of advanced PAD into two distinct clinical
syndromes, denoted as acute limb ischemia (ALI) or
chronic critical limb ischemia (CLI). Both PAD syn-
dromes represent manifestations of a severe comprom-
ise of arterial blood flow to the affected lower extremity,
with the acuity of onset of ischemia and specific clinical
signs used to distinguish between these syndromes [1].
In contrast to comparable acute coronary disease syn-
dromes (such as the acute coronary syndromes [ACS]
of non-ST segment myocardial infarction (MI) and
ST-elevation MI), the epidemiology of ALI and CLI is
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based surveillance. Current evidence suggests an inci-
dence of approximately 430 to 1160 cases per million
individuals annually [2-4]. Although ALI and CLI repre-
sent the primary etiology of most lower-limb amputa-
tions [5] and are associated with high short-term rates
of systemic and limb ischemic events [6,7], uncertainty
regarding the incidence, prevalence, and outcomes of
the ALI and CLI syndromes is, in part, based on the lack
of a uniform and applicable definition used in either
field studies or in clinical practice outside of specialized
vascular centers.
Improvements in coronary ischemic syndrome health
outcomes have been facilitated by consistent use of ACS
definitions and subsequent evaluation of health system
factors that contribute to cardiovascular risk. For example,
improved outcomes for patients with ST-elevation MI and
acute stroke were achieved by evaluation of methods to
shorten end-organ ischemia time (including patient recog-
nition of heart attack symptoms and creation of expedited
referral systems) and this knowledge has been success-
fully encompassed in cardiac and stroke care guidelines
[8,9]. In contrast, little data exist to define the contribu-
tion of limb ischemia time to adverse limb or systemic
outcomes for individuals with ALI and CLI. Similarly,
whereas the impact of pharmacological and behavioral
risk-reduction interventions (e.g., use of antiplatelet and
statin medications) is well-defined for patients with
ACS, a knowledge gap exists regarding the potential
impact of these systemic treatments after successful leg
arterial revascularization. This knowledge gap is central
for patients with advanced PAD as recent data do-
cument that both endovascular and open surgical ap-
proaches, while effective in improving limb outcomes
for individuals with CLI [10], are still associated with
very high rates of heart attack, stroke, and cardiovascu-
lar death within one year of an index CLI presentation.
Randomized clinical trials (RCTs) provide the most ro-
bust methodological approach to determining the effi-
cacy, harm, and net impact of potential treatments for
individuals with advanced PAD. Nevertheless, recent
experience has demonstrated the challenges and costs
associated with recruitment of individuals with ALI and
CLI into prospective RCTs. As for coronary disease or
heart failure clinical research, there are potential ad-
vantages to the study of outcome determinants from a
prospective disease registry. These advantages include:
enrollment of the full patient cohort with minimal exclu-
sion criteria, the use of a multicenter design that is often
more broadly representative of the ALI and CLI popula-
tion than might be recruited from specialized centers
that participate in sponsored RCTs, the potential to cap-
ture longer-term outcomes data, the ability to pre hoc de-
fine outcome determinants (e.g., pre-hospital leg ischemia
time) that are not easily evaluated in a RCT context, and
often the ability to collect such data at lower cost [11-13].
In this context, specific knowledge gaps regarding de-
terminants of adverse health outcomes for individuals
with ALI and CLI were used to design a hypothesis-
driven clinical registry. The primary aim of the FRIENDS
registry is to evaluate a pre-defined set of patient and
health system factors on one-year rates of systemic and
limb ischemic events, and thus on amputation-free sur-
vival. These factors included: (i) pre-hospital limb ische-
mia symptom duration, (ii) use of leg revascularization
strategies, and (iii) use of risk-reduction pharmacother-
apies. Outcome events (rates of non-fatal MI, stroke,
amputation, and death) will be collected at one month, six
months, and one year. Secondary study aims are to assess:
(a) the relative frequency and etiology of the ALI and CLI
diagnoses in a large community-derived population, (b)
the frequency of use of evidence-based risk-reduction
medication in this high-risk population at baseline and
during follow-up, (c) predictors of functional status, and
(d) rates of systemic ischemic events. The FRIENDS regis-
try structure was pre hoc designed to serve as a pilot study
for future implementation of a multicenter registry to
prospectively evaluate the impact of standards of care on
health outcomes for all individuals with ALI and CLI.
Methods/Design
Study design
The registry is designed as a prospective cohort evalu-
ation of individuals with advanced PAD, defined as in-
clusive of the ALI and CLI syndromes.
Enrollment
We defined the index hospitalization as the first presenta-
tion for ALI or CLI, since a hospital admission serves as
an easily identified site for detection of such cases. Use of
an index hospitalization is also advantageous (as compared
to recruitment from vascular specialty clinics or wound
centers) since it defines a population in whom health care
resource utilization is high and in which quality outcomes
staff now exist to facilitate initial and subsequent out-
comes data collection. Patient enrollment is intended to
be sequential and fully inclusive, with exclusions limited
to non-provision of informed consent that are docu-
mented by a screening log.
Definition of advanced PAD syndromes
The registry was designed to utilize definitions of ad-
vanced PAD (ALI and CLI) that are encompassed in the
intersocietal “ACC/AHA Guidelines for the Management
of Patients with PAD” [1] and concordant TASC-II [2]
PAD guidelines. As such, ALI is clinically defined by the
admitting vascular specialist in patients who experience
the clinical stigmata associated with acute ischemia and a
Keo et al. BMC Cardiovascular Disorders 2013, 13:120 Page 2 of 9
http://www.biomedcentral.com/1471-2261/13/120potential threat to limb viability of less than or equal to
14 days in duration. Using this guideline-derived ALI case
classification, enrollment of patients is achieved via docu-
mentation of acute limb ischemic symptoms and signs
(the 6 “Ps”) (Table 1). CLI will be defined, per these PAD
clinical care guidelines, in patients with Rutherford class 4,
5, or 6 manifestations such as ischemic rest pain, and
minor or major tissue loss of greater than two weeks dur-
ation. At enrollment, patients with ALI and CLI will
undergo evaluation of an objective pedal or toe pressure
measurement when this is feasible pre-revascularization.
Source documents have been created so that collection of
these entry criteria, as applied by participating clinicians,
will be uniformly obtained.
Use of source documents and data abstraction
This is a prospective registry, and as such all sequential
eligible patients with ALI or CLI who are hospitalized
(defined as requiring an index leg revascularization pro-
cedure or overnight stay) will be entered into the registry.
Medical record documentation will be required immedi-
ately on admission (not retrospectively) for establishment
of the presence of ALI or CLI. Vascular specialty and hos-
pitalist staff will receive instruction on: (a) the clinical defi-
nitions of ALI and CLI, (b) how to complete a source
document on patient admission that includes the time of
onset of symptoms, and (c) the use of health system tools
(e.g., standardized order sets) to facilitate prompt meas-
urement of pedal or great toe pressures (Table 1).
A documented medical history of coronary artery disease
(CAD) will consist of 1 or more of any of the following
chart documented conditions or procedures: stable angina,
previous myocardial infarction, history of percutaneous cor-
onary intervention or history of coronary artery bypass graft
surgery. Documented cerebrovascular disease (CVD) will
be defined by a history of transient ischemic attack (TIA),
ischemic or hemorrhagic stroke, carotid stenting or carotid
endarterectomy. Documented prior PAD will be defined by
1 or more of the following criteria: symptomatic PAD
defined by history of claudication, asymptomatic PAD doc-
umented in the medical records, or history of ALI or CLI.
Baseline height and weight will be obtained from the
medical records, and body mass index (BMI) calculated.
Patients will be considered overweight if they have a
BMI of 25 kg/m
2 to less than 30 kg/m
2 or obese if they
have a BMI ≥30 kg/m
2. Atherosclerosis risk factors will be
defined as present: if documented in the medical record, if
the patient is receiving treatment for the risk factor at the
time of study enrollment, or if there are supporting labora-
tory test data proximal to the index hospitalization. Dia-
betes will be considered present when there is chart
documentation, regardless of type (I or II), or when use
of an anti-diabetic medication or dietary intervention is
documented. As well, the documentation of fasting
blood glucose ≥7 mmol/l (126 mg/dl) will be considered
evidence of diabetes when these laboratory data are
available. Hypertension will be defined when chart doc-
umented or when there is evidence of treatment with
any antihypertensive medication or behavioral inter-
vention (e.g., use of calcium channel blockers, ACE-
inhibitors, beta blockers, diuretics or diet/exercise).
Dyslipidemia is considered present when there is chart
documentation or use of any lipid-lowering or choles-
terol modifying medication (e.g., statin, niacin, fibrates,
or bile acid binding resin agents). Dyslipidemia is also
considered to be present if, per the National Cholesterol
Education Program (NCEP) guidelines, the total choles-
terol concentration is >200 mg/dl (5.18 mmol/l), LDL
concentration is >130 mg/dl (3.37 mmol/l), and/or HDL
concentration is <40 mg/dl (1.04 mmol/l). Other criteria
for establishment of dyslipidemia include a fasting triglycer-
ide concentration of ≥200 mg/dl, or total cholesterol/HDL
ratio ≥5.0. Smoking status is recorded as “current” if any
cigarettes were used within one month of the encounter,
“former” if smoking had ceased more than one month prior
to the encounter, and “never” if there is no history of to-
bacco use. A family history of premature CAD consists of
any chart documentation of a family history of premature
CAD or any myocardial infarction (MI) in a first-degree
relative (men <55 years or women <65 years). The etiology
of ALI or CLI is coded from data obtained in the medical
record.
Table 1 Inclusion criteria: Ischemic symptoms and signs, and objective limb pressure measurements at enrollment
For all patients: Clinical
symptoms and signs
For ALI patients: Presence
of any of the “6P s ”
For all patients: Objective
pressure measurements
Ischemic rest pain Pain Pedal pressures
Ulcer Pale Great toe pressures
Gangrene Pulseless Ankle-brachial index
Paresthesia Toe-brachial index
Paralysis
Poikilothermia
Abbreviations: ABI Ankle-brachial index, TBI toe-brachial index.
Keo et al. BMC Cardiovascular Disorders 2013, 13:120 Page 3 of 9
http://www.biomedcentral.com/1471-2261/13/120Ambulatory status on admission and discharge will be
obtained from patient self-report and supplemented by
abstracted medical record reports of treating clinicians.
There is at present no single well-accepted format for
recording ambulatory status in individuals with ALI and
CLI. Ambulatory status therefore will be categorized into
five groups and assigned ordinal values of 1 to 5, with 5
representing the best, and 1 the lowest, ambulatory status.
The highest class (5), “fully ambulatory”, is defined as the
ability to independently ambulate and fully interact in the
community. “Minimal ambulation” (4) is defined as ambu-
lation limited to within the house/hospital, around the
house/hospital, and to the mail box. “Ambulation with
assistance” (3) is defined by ambulation requiring another
person’s help for mobility. “Wheelchair bound” (2) is
defined by dependency on a wheelchair for all mobility.
“Bed bound” (1) is defined when the patient is not mobile
at all, is fully restricted, and non-ambulatory. Ambulatory
status at baseline is the level of function after onset of ALI
or CLI and within one week prior to admission. Data will
be abstracted by trained research staff and reviewed by
vascular physicians.
All data will be collected via a standardized case report
form and then entered into a password-protected data-
base. Data will be collected consistent with the intersoci-
etal “2012 ACCF/AHA/ACR/SCAI/SIR/STS/SVM/SVN
Key Data Elements and Definition for Peripheral Athero-
sclerotic Vascular Disease” standards [14]. Outcome events
will be reviewed and adjudicated by a clinical event com-
mittee consisting of individuals with expertise in vascular
surgery and vascular medicine. The registry design has
been approved by the local institutional review board at
the University of Minnesota and Allina Health System. All
included patients will provide written informed consent.
Patients screened for entry who do not offer informed con-
sent will be entered into a screening log.
Key time segments
The symptom onset of an initial episode of ALI/CLI is
defined by the patient’s self-report provided to the vas-
cular specialist at hospital admission, is dictated into the
encounter note, and this note (date and time) is later ab-
stracted from the medical records. Vascular specialists
(vascular surgeons, vascular medicine specialists, and
interventional radiologists) are instructed to document
the patient-reported index limb symptom onset within
pre-specified time parameters: within one hour for pa-
tients presenting within 3 days, within one day for pa-
tients presenting within 3 to 30 days, and within one
week for patients presenting greater than one month
since symptom onset. For CLI patients who cannot state
an exact time of leg symptom onset, it will be assumed
that the onset time is 12 noon on the day specified. Inas-
much as ALI or CLI is known to recur (repeat episodes
are common), the index leg symptom is arbitrarily de-
fined as that which is temporally closest to the index
hospitalization. This approach is similar to that used for
ACS or stroke health services research.
While the pre-admission symptom duration serves as
the primary pre-defined hypothesized predictor of ad-
vanced PAD health outcomes, a number of other clinical
care time segments are considered of potential utility in
evaluation of the efficiency of hospital-based PAD care,
as it is known that CLI hospitalizations are lengthy
(greater than seven days) and expensive [15]. The
“admission to ABI/TBI” time segment is defined as the
time from hospital arrival to initiation of the first
hospital-based pedal or toe pressure measurement. The
“admission to heparin” time is defined as the time from
hospital arrival to the chart-documented initiation of a
therapeutic intravenous heparin infusion for patients so
treated. The “admission to vascular specialist at bedside”
time segment is defined as the time from hospital arrival
until the patient is evaluated by a vascular specialist, and
this is set by the time of the dictated note. The “admis-
sion to revascularization” time segment is defined as the
time from hospital arrival until the patient enters the
operating room or catheterization laboratory, and includes
only the use of an endovascular procedure, surgical pro-
cedure or primary amputation (medical treatment alone is
not included in this definition). Hospital length of stay is
defined as the number of days of hospitalization from
admission to discharge.
List of pre-specified “key time segments” for patients with
advanced peripheral artery disease
Symptom onset to admission
Admission to ABI/TBI measurement
Admission to IV heparin administration
Admission to vascular specialist at bedside
Admission to revascularization
Length of stay (days)
Study outcomes
The study outcomes that will be evaluated are summarized
in Table 2. The systemic ischemic risk clinical outcomes in-
clude: nonfatal MI, nonfatal stroke, cardiovascular (CV)
death, all-cause death, and cardiovascular re-hospitalization
event rates. The limb ischemic risk clinical outcomes
include: ALI or CLI recurrence, minor or major ampu-
tation, and total amputation event rates. These individ-
ual outcomes will be used to derive a composite triple
endpoint (defined as any nonfatal MI, stroke or amputa-
tion) and quadruple endpoint (defined as any non-fatal
MI, stroke, amputation or death). As well, the relevant
clinical outcome of “amputation-free survival” time will
be calculated at one year.
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the lower limb below the ankle and “major amputation” is
defined as removal of part of the lower limb above the
ankle. All-cause death is ascertained via the social security
death index (SSDI) in the USA or via other national death
registry systems using a combination of the social security
number (SSN), name and birth date to identify cases.
Searching the online SSDI, with a correct SSN provides an
accurate method to determine death as an outcome in clin-
ical research studies. A majorityo fs u b j e c t so r d i n a r i l yl o s t
to followup including those with sudden death outside the
hospital can thus have their vital status accurately deter-
mined [16]. Cardiovascular death includes fatal stroke, fatal
MI, and other cardiovascular death. Other cardiovascular
death includes deaths of cardiac origin: death associated
with pulmonary embolism, vascular operation or proced-
ure, amputation (except for trauma or malignancy), heart
failure and visceral or limb infarction. Re-hospitalization
for CV events is defined as hospitalization for transient is-
chemic attack, unstable angina, worsening of PAD, CHF,
other ischemic arterial event or bleeding leading to both
hospitalization and transfusion. Recurrence of ALI/CLI is
defined as occurrence of any second episode of clinically di-
agnosed ALI/CLI and ascertained by medical chart review
at follow-up.
Follow-up will be performed primarily by phone calls
at 1 month (with a one week window), 6 months (with a
one month window), and 12 months (with a two month
window) after hospital discharge using a phone script con-
taining standardized questions. The occurrence of non-
fatal MI, non-fatal stroke, amputation, re-hospitalization,
recurrence of ALI/CLI are ascertained by medical records,
all cause death by social security death index website [17],
and CV death by medical record review. Ambulatory sta-
tus will be ascertained by self-report during follow-up calls
and at return visits.
Determination of sample size
This is a hypothesis-generating registry from which pre-
liminary data will be obtained that will be key to refining
values used for estimating statistical power for future
multicenter clinical trials. It is anticipated that these data
may be useful in identifying medical, endovascular, and
health system interventions that could be tested in a
future randomized clinical trial, providing more accurate
estimates of expected detectable differences and their
standard deviations. Therefore, a formal power analysis
was not undertaken in the design of this pilot registry.
Statistical analysis
Descriptive statistics will be presented as means and
standard deviations for continuous variables, and fre-
quencies and percentages for categorical data. Conti-
nuous data that are not normally distributed will be
Table 2 Clinical evaluations on admission and at 1-, 6- and 12-month follow-up
Admission Hospital discharge 1 month 6 month 12 month
Demographic, clinical and functional characteristics, and key time segments
Demographic variables
Race, gender, education X
Marital and employment status X X X X X
Physical examination (weight, height, blood pressure, heart rate and rhythm) X
Laboratory values (serum creatinine, hemoglobin, fasting lipid profile) X
Etiology of ALI-CLI X
Key time segments (see ‘List of key time segments’)X X
Length of hospital stay X
Endovascular and open surgical procedures X
Ambulatory status X X X X X
Risk factors and risk-reduction therapies
Historical risk factors X
Use of risk-reduction pharmacotherapies X X X X X
Smoking status X X X X X
Outcome events
Amputation (major or minor) X X X X
Cardiovascular ischemic events (non-fatal MI and stroke), death X X X X
Recurrence of ALI-CLI XX X X
Other causes of hospitalization XX X
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will be analyzed as continuous variables, and also cate-
gorized to allow assessment of dose–response patterns.
Univariate models for all outcome variables with demo-
graphic, clinical and risk factor variables will be used to
elucidate potential confounding variables. Multivariable
logistic regression models will be used to assess the as-
sociation between key time variables and short-term bin-
ary outcomes (amputation, MI, stroke and death), with
adjustment for confounders. Survival analysis will be
performed using Kaplan-Meier methods for preliminary
analyses, and Cox proportional hazards models with
adjustment for confounders. Multiple linear regression
models will be used to assess the associations between
time segment variables and length of stay, with adjustment
for confounders. A two-sided p-value of <0.05 will be con-
sidered statistically significant. Data analysis will be per-
formed using Stata (Stata Inc, College Station, TX, USA).
Discussion
It is well-known that patients presenting with advanced
PAD bear a high burden of systemic ischemic events and
suffer an adverse limb prognosis, with very high health
economic impact [18]. Thus, care for patients with ad-
vanced PAD is a critical public health issue in the USA
and internationally [19]. Current epidemiological data
suggest that the incidence of ALI is 130 to 160 per mil-
lion per year [3,7] and the incidence of CLI is approxi-
mately 340 to 1000 per million per year [2,4]. Major
amputation rates at 30 days after clinical presentation
have been reported to be 10-30%, and death at one year
is reported to range from 16-42% for ALI patients [7,20].
Patients with CLI face a comparably dismal prognosis
and the annual amputation rate has been reported to
vary between 10% and 40% after a first diagnosis of CLI
[21]. Overall, one- and five-year mortality rates of pa-
tients with CLI are reported to be 20-25% and 40-70%,
respectively [22-24]. There are few cardiovascular dis-
eases with such adverse short-term outcomes. However,
diseases with high rates of adverse short term outcomes
are favorable for study within a disease registry frame.
The FRIENDS Registry was designed to enroll a high
volume of sequential patients with advanced PAD in order
to collect an adequate sample to permit evaluation of
the contributions of patient demographics, PAD etiology
(e.g., cardioembolism vs. graft failure), key time segments,
use of risk-reduction medications, and revascularization
strategies on functional status, rates of revascularization,
amputation, systemic ischemic event rates, and death.
These data will also provide the opportunity to determine
how clinicians in practice assess patients with advanced
PAD in real world (not clinical trial) settings, including
data that might define rates of adherence to current
evidence-based clinical care guidelines.
We hypothesize that the current arbitrary 14 day diag-
nostic “time-based syndrome definition” that is often
used to differentiate ALI and CLI (beyond use of the 6
“Ps”) may not adequately discriminate these two syn-
dromes. The rationale for use of the 14-day timeframe
to define ALI has not been based on evidence as robust
as the data used to define the efficacy of acute MI or
stroke treatments. While there was a biological rationale
for setting an objective 14-day, time-based inclusion
criteria for study of catheter-directed thrombolysis in
individuals with acute arterial occlusion [20,25], this
time-based definition has been carried forward into sub-
sequent PAD care guidelines without corroborating the
utility of this approach for endovascular and open surgi-
cal techniques.
This registry provides an opportunity to assess whether
ALI or CLI are indeed two distinct clinical syndromes with
different etiologies and outcomes, or whether these trad-
itional clinical distinctions alternatively represent a time-
dependent continuum of advanced PAD.
More than 20 years ago, Panetta et al. [26] observed
that a longer duration of ischemia was associated with
increased amputation rates in ALI patients, and a more
recent study suggested that an increased duration of
limb ischemia was associated with more extensive gan-
grene [27]. Nevertheless, these observations were de-
rived from small cohorts, did not clarify a precise
vulnerable period, nor elucidate other factors that might
affect limb outcomes. This registry may provide insights
into factors that, along with prolonged pre-admission
limb ischemia, worsen prospects for limb survival. The
registry will also provide a contemporary description of
current etiologies of limb ischemia. For example, does
atrial fibrillation contribute to limb ischemic events at a
rate documented a decade ago, now that antithrombotic
therapies are more widely used? Is graft surveillance
used, per current national care guidelines, at rates
adequate to protect individuals who have undergone
prior successful limb revascularization?
During the last decade, cardiovascular care guidelines
have become an important cornerstone of the manage-
ment of heart disease and the positive impact of guidelines
is known [28]. In contrast, the development and dissemin-
ation of PAD care guidelines, including recommendations
regarding the ideal management of ALI and CLI, are rarely
evaluated prospectively [1,2]. These guidelines have re-
cognized that appropriate use of evidence-based risk-
reduction medication represents a major opportunity for
reducing future myocardial infarction, stroke, and death if
used in individuals with recognized PAD. However, recent
data have shown poor rates of use of evidence-based
risk-reduction medication on admission or discharge in
patients with CLI [10,29,30]. The registry will provide
an opportunity to evaluate the contemporary use of
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ischemic events in the PAD population at highest short-
term risk. We hypothesize that higher use of these med-
ications would offer a potentially major contribution to
improvement in rates of amputation-free survival; only
a prospective registry with an adequate cohort sample is
likely to provide such data, as a prospective RCT to
evaluate this hypothesis is currently unlikely. Data
further demonstrating such benefits of risk-reduction
medication use might then be considered for future
guideline inclusion, or within future PAD performance
standards [31].
Currently there are no standardized quality-of-life
instruments that are widely applied in populations of
individuals with critical limb ischemia. This registry of-
fers an opportunity to evaluate functional status on
admission, at discharge and at follow-up, as well as other
predictors of functional status at follow-up. While it is
known that poor ambulatory status on presentation is
associated with loss of primary patency and higher rates
of amputation at six months follow-up, other factors
beyond patency (e.g., avoidance of readmission, social
support, etc.) may contribute to the achievement of
improved functional outcomes [32].
Several limitations are inherent to this (or any) regis-
try. First, the enrollment of patients is intended to be
consecutive, but this is never fully achieved for any
registry. Nevertheless, the majority of the patients who
present for hospital care may be enrolled if, as planned,
both hospitalists and vascular specialists are engaged at
registry launch. Second, as for any registry, selection for
inclusion of a wide array of hospitals and health systems
can facilitate accrual of a representative cohort. Third,
any PAD registry is encumbered – in contrast to CAD
or stroke registries – by the inconsistent use of objective
diagnostic criteria in real world clinical practice (in con-
trast to RCTs). Whereas all individuals with an acute MI
undergo an ECG, it is not now clear whether individuals
with advanced PAD undergo consistent vascular labora-
tory testing. Thus, we have elected to initially permit the
inclusion of all “clinically diagnosed” ALI and CLI with-
out the requirement of pedal or toe pressure measure-
ments. Analysis of cohorts who have, or have not,
undergone such testing can demonstrate the utility of
this diagnostic approach. We note that the past diagnos-
tic inclusion criteria of an ankle pressure of ≤50 mmHg
[33] would potentially exclude two-thirds of patients
with CLI, as only 30% would fulfill the European Con-
sensus Guideline pedal pressure criteria, as observed in
the BASIL trial [34]. Thus, the registry will provide valu-
able information in a “real-world” setting by using
broader inclusion criteria. Pre hoc defined subgroup
analysis of the “clinical diagnosis” and “objective diagno-
sis” groups will provide insight regarding the value of
current diagnostic pathways on choice of therapy and
achievement of positive outcomes.
In conclusion, a multicenter advanced PAD registry
may represent a significant opportunity to assess a series
of hypothesis-based factors that may modify systemic or
limb outcomes. In a manner analogous to methods used
to better understand the natural history and impact
of treatments for acute MI, stroke and heart failure,
advanced PAD registry data that includes pre-hospital
factors, revascularization strategies used during an index
hospitalization, and that evaluates long-term use of risk
modifying pharmacotherapies may provide new insights
to help the design of future PAD clinical trials.
Trial status
Recruitment for a multi-center CLI and ALI registry
began in February 2007 at a single center and will
continue at other centers, dependent upon funding.
Abbreviations
ABI: Ankle-brachial index; ACS: Acute coronary syndromes; ALI: Acute limb
ischemia BMI, body mass index; CAD: Coronary artery disease; CLI: Critical
limb ischemia; CV: Cardiovascular; CVD: Cerebrovascular disease; MI: Myocardial
infarction; NCEP: National Cholesterol Education Program; PAD: Peripheral artery
disease; RCTs: Randomized clinical trials; TBI: Toe-brachial index; TIA: Transient
ischemic attack; SSDI: Social security death index; SSN: Social security number.
Competing interests
The authors have no financial or non-financial competing interests.
Authors’ contributions
HHK, SD and ATH made substantial contributions to study concept and
design; ATH and HHK acquired funding for the study; IB, NCO, MRJ, JG, JMP,
AST, TDH, RVL participated in its design and helped to draft the manuscript.
All authors read and approved the final manuscript.
Acknowledgments
Dr. Keo received a grant (PBBEB-121067) from the Swiss National Science
Foundation and a research grant from Abbott Vascular, Switzerland. Dr.
Hirsch received a grant from Abbott Vascular, USA, to support registry
development.
Author details
1Division of Angiology, Kantonsspital Aarau AG, Aarau, Switzerland.
2Vascular
Medicine Program, Lillehei Heart Institute and Cardiovascular Division,
University of Minnesota Medical School, Minneapolis, MN, USA.
3Swiss
Cardiovascular Center, Division of Angiology, University Hospital Bern, Bern,
Switzerland.
4Massachusetts General Hospital and Harvard Medical School,
Boston, MA, USA.
5Minneapolis Heart Institute Foundation at Abbott
Northwestern Hospital, Minneapolis, MN, USA.
6Minnesota Department of
Health, Heart Disease and Stroke Prevention Unit, Saint Paul, MN, USA.
7Division of Epidemiology and Community Health, University of Minnesota
School of Public Health, Minneapolis, MN, USA.
Received: 24 September 2013 Accepted: 2 December 2013
Published: 19 December 2013
References
1. Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA, Halperin JL, Hiratzka
LF, Murphy WR, Olin JW, Puschett JB, Rosenfield KA, Sacks D, Stanley JC,
Taylor LM Jr, White CJ, White J, White RA, Antman EM, Smith SC Jr, Adams
CD, Anderson JL, Faxon DP, Fuster V, Gibbons RJ, Halperin JL, Hiratzka LF,
Hunt SA, Jacobs AK, Nishimura R, et. al: ACC/AHA 2005 guidelines for the
management of patients with peripheral arterial disease (lower
extremity, renal, mesenteric, and abdominal aortic): executive summary
a collaborative report from the American association for vascular
Keo et al. BMC Cardiovascular Disorders 2013, 13:120 Page 7 of 9
http://www.biomedcentral.com/1471-2261/13/120surgery/society for vascular surgery, society for cardiovascular
angiography and interventions, society for vascular medicine and
biology, society of interventional radiology, and the ACC/AHA task force
on practice guidelines (writing committee to develop guidelines for the
management of patients with peripheral arterial disease) endorsed by
the American association of cardiovascular and pulmonary rehabilitation;
national heart, lung, and blood institute; society for vascular nursing;
transAtlantic inter-society consensus; and vascular disease foundation.
J Am Coll Cardiol 2006, 47:1239–1312.
2. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG, TASC
II Working Group: Inter-society consensus for the management of
peripheral arterial disease (TASC II). J Vasc Surg 2007, 45(Suppl S):5–67.
3. Davies B, Braithwaite BD, Birch PA, Poskitt KR, Heather BP, Earnshaw JJ:
Acute leg ischaemia in Gloucestershire. Br J Surg 1997, 84:504–508.
4. Rothwell PM, Coull AJ, Silver LE, Fairhead JF, Giles MF, Lovelock CE, Redgrave JN,
B u l lL M ,W e l c hS J ,C u t h b e r t s o nF C ,B i n ney LE, Gutnikov SA, Anslow P, Banning
AP, Mant D, Mehta Z, Oxford Vascular Study: Population-based study of
event-rate, incidence, case fatality, and mortality for all acute vascular
events in all arterial territories (Oxford Vascular Study). Lancet 2005,
366:1773–1783.
5. Eskelinen E, Lepantalo M, Hietala EM, Sell H, Kauppila L, Mäenpää I, Pitkänen
J, Salminen-Peltola P, Leutola S, Eskelinen A, Kivioja A, Tukiainen E, Lukinmaa
A, Brasken P, Railo M: Lower limb amputations in Southern Finland in
2000 and trends up to 2001. Eur J Vasc Endovasc Surg 2004, 27:193–200.
6. Dormandy J, Heeck L, Vig S: The fate of patients with critical leg ischemia.
Semin Vasc Surg 1999, 12:142–147.
7. Dormandy J, Heeck L, Vig S: Acute limb ischemia. Semin Vasc Surg 1999,
12:148–153.
8. Kushner FG, Hand M, Smith SC Jr, King SB 3rd, Anderson JL, Antman EM,
Bailey SR, Bates ER, Blankenship JC, Casey DE Jr, Green LA, Hochman JS,
Jacobs AK, Krumholz HM, Morrison DA, Ornato JP, Pearle DL, Peterson ED,
Sloan MA, Whitlow PL, Williams D, American College of Cardiology
Foundation/American Heart Assocation Task Force on Practice Guidelines:
2009 Focused Updates: ACC/AHA guidelines for the management of
patients with ST-elevation myocardial infarction (updating the 2004
guideline and 2007 focused update) and ACC/AHA/SCAI guidelines on
percutaneous coronary intervention (updating the 2005 guideline and
2007 focused update): a report of the American college of cardiology
foundation/american heart association task force on practice guidelines.
Circulation 2009, 120:2271–2306.
9. Adams HP Jr, del Zoppo G, Alberts MJ, Bhatt DL, Brass L, Furlan A, Grubb
RL, Higashida RT, Jauch EC, Kidwell C, Lyden PD, Morgenstern LB, Qureshi
AI, Rosenwasser RH, Scott PA, Wijdicks EF, American Heart Association;
American Stroke Association Stroke Council; Clinical Cardiology Council;
Cardiovascular Radiology and Intervention Council; Atherosclerotic
Peripheral Vascular Disease and Quality of Care Outcomes in Research
Interdisciplinary Working Groups: Guidelines for the early management
of adults with ischemic stroke: a guideline from the American Heart
Association/American Stroke Association stroke council, clinical
cardiology council, cardiovascular radiology and intervention council,
and the atherosclerotic peripheral vascular disease and quality of care
outcomes in research interdisciplinary working groups: the American
Academy of Neurology affirms the value of this guideline as an
educational tool for neurologists. Stroke 2007, 38:1655–1711.
10. Adam DJ, Beard JD, Cleveland T, Bell J, Bradbury AW, Forbes JF, Fowkes FG,
Gillepsie I, Ruckley CV, Raab G, Storkey H, BASIL trial participants: Bypass
versus Angioplasty in Severe Ischaemia of the Leg (BASIL): multicentre,
randomised controlled trial. Lancet 2005, 366:1925–1934.
11. Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite DJ, Russman
PL, Evangelista A, Fattori R, Suzuki T, Oh JK, Moore AG, Malouf JF, Pape LA,
Gaca C, Sechtem U, Lenferink S, Deutsch HJ, Diedrichs H, Marcos y Robles J,
Llovet A, Gilon D, Das SK, Armstrong WF, Deeb GM, Eagle KA: The
International Registry of Acute Aortic Dissection (IRAD): new insights
into an old disease. JAMA 2000, 283:897–903.
12. Ohman EM, Bhatt DL, Steg PG, Goto S, Hirsch AT, Liau CS, Mas JL, Richard
AJ, Röher J, Wilson PW, REACH Registry Investigators: The REduction of
Atherothrombosis for Continued Health (REACH) registry: an international,
prospective, observational investigation in subjects at risk for
atherothrombotic events-study design. Am Heart J 2006, 151:786.e1–786.e10.
13. Brindis RG, Fitzgerald S, Anderson HV, Shaw RE, Weintraub WS, Williams JF:
The American College of Cardiology-National Cardiovascular Data
Registry (ACC-NCDR): building a national clinical data repository.
J Am Coll Cardiol 2001, 37:2240–2245.
14. Creager MA, Belkin M, Bluth EI, Casey DE Jr, Chaturvedi S, Dake MD, Fleg JL,
Hirsch AT, Jaff MR, Kern JA, Malenka DJ, Martin ET, Mohler 3rd ER, Mohler
ER, Murphy T, Olin JW, Regensteiner JG, Rosenwasser RH, Sheehan P,
Stewart KJ, Treat-Jacobson D, Upchurch GR Jr, White CJ, Ziffer JA, Hendel
RC, Bozkurt B, Fonarow GC, Jacobs JP, Peterson PN, Roger VL, et. al: 2012
ACCF/AHA/ACR/SCAI/SIR/STS/SVM/SVN/SVS Key Data Elements and
Definitions for Peripheral Atherosclerotic Vascular Disease: A Report of
the American College of Cardiology Foundation/American Heart
Association Task Force on Clinical Data Standards (Writing Committee to
Develop Clinical Data Standards for Peripheral Atherosclerotic Vascular
Disease). Circulation 2012, 125:395–467.
15. Peacock JM, Keo HH, Duval S, Baumgartner I, Oldenburg NC, Jaff MR, Henry
TD, Yu X, Hirsch AT: The incidence and health economic burden of
ischemic amputation in Minnesota, 2005–2008. Prev Chronic Dis 2011,
8:A141.
16. Quinn J, Kramer N, McDermott D: Validation of the Social Security Death
Index (SSDI): an important readily-available outcomes database for
researchers. West J Emerg Med 2008, 9:6–8.
17. Social Security Seath Index Website. Available from http://search.ancestry.
com/search/db.aspx?dbid=3693.
18. Hirsch AT, Hartman L, Town RJ, Virnig BA: National health care costs of
peripheral arterial disease in the Medicare population. Vasc Med 2008,
13:209–215.
19. Mahoney EM, Wang K, Cohen DJ, Hirsch AT, Alberts MJ, Eagle K, Mosse F,
Jackson JD, Steg PG, Bhatt DL, REACH Registry Investigators: One-year costs
in patients with a history of or at risk for Atherothrombosis in the
United States. Circ Cardiovasc Qual Outcomes 2008, 1:38–45.
20. Ouriel K, Veith FJ, Sasahara AA: A comparison of recombinant urokinase
with vascular surgery as initial treatment for acute arterial occlusion of
the legs. N Engl J Med 1998, 338:1105–1111.
21. Dormandy JA, Rutherford RB: Management of peripheral arterial disease
(PAD). TASC Working Group. TransAtlantic Inter-Society Concensus
(TASC). J Vasc Surg 2000, 31(1 Pt 2):S1–S296.
22. The I.C.A.I. Group (Gruppo di Studio dell’Ischemia Cronica Critica degli Arti
Inferiori), the Study Group of Criticial Chronic Ischemia of the Lower
Extremities: Long-term mortality and its predictors in patients with
critical leg ischaemia. Eur J Vasc Endovasc Surg 1997, 14:91–95.
23. Wolfe JH, Wyatt MG: Critical and subcritical ischaemia. Eur J Vasc Endovasc
Surg 1997, 13:578–582.
24. Dormandy JA, Heeck L, Vig S: Peripheral arterial occlusive disease: clinical data
for decision making. Philadelphia: W.B. Saunders; 1999.
25. The STILE Investigators: Results of a prospective randomized trial
evaluating surgery versus thrombolysis for ischemia of the lower
extremity. The STILE trial. Ann Surg 1994, 220:251–268.
26. Panetta T, Thompson JE, Talkington CM, Garrett WV, Smith BL: Arterial
embolectomy: a 34-year experience with 400 cases. Surg Clin North Am
1986, 66:339–353.
27. Mutirangura P, Ruangsetakit C, Wongwanit C, Sermsathanasawadi N,
Chinsakchai K: Acute arterial embolism of the lower extremities: impact
of 24-hour duration on the outcome of management. J Med Assoc Thai
2008, 91:1360–1367.
28. Smith SC Jr, Benjamin EJ, Bonow RO, Braun LT, Creager MA, Franklin BA,
Gibbons RJ, Grundy SM, Hiratzka LF, Jones DW, Lloyd-Jones DM, Minissian
M, Mosca L, Peterson ED, Sacco RL, Spertus J, Stein JH, Taubert KA, World
Heart Federation and the Preventive Cardiovascular Nurses Association:
AHA/ACCF secondary prevention and risk reduction therapy for patients
with coronary and other atherosclerotic vascular disease: 2011 update: a
guideline from the American Heart Association and American College of
Cardiology Foundation. Circulation 2011, 124:2458–2473.
29. Conte MS, Bandyk DF, Clowes AW, Moneta GL, Seely L, Lorenz TJ, Namini H,
Hamdan AD, Roddy SP, Belkin M, Berceli SA, DeMasi RJ, Samson RH, Berman
SS, PREVENT III Investigators: Results of PREVENT III: a multicenter,
randomized trial of edifoligide for the prevention of vein graft failure in
lower extremity bypass surgery. J Vasc Surg 2006, 43:742–751. discussion
751.
30. Raghunathan A, Rapp JH, Littooy F, Santilli S, Krupski WC, Ward HB,
Thottapurathu L, Moritz T, McFalls EO, CARP Investigators: Postoperative
outcomes for patients undergoing elective revascularization for critical
limb ischemia and intermittent claudication: a subanalysis of the
Keo et al. BMC Cardiovascular Disorders 2013, 13:120 Page 8 of 9
http://www.biomedcentral.com/1471-2261/13/120Coronary Artery Revascularization Prophylaxis (CARP) trial. J Vasc Surg
2006, 43:1175–1182.
31. Olin JW, Allie DE, Belkin M, Bonow RO, Casey DE Jr, Creager MA, Gerber TC,
Hirsch AT, Jaff MR, Kaufman JA, Lewis CA, Martin ET, Martin LG, Sheehan P,
Stewart KJ, Treat-Jacobson D, White CJ, Zheng ZJ, Masoudi FA: ACCF/AHA/
ACR/SCAI/SIR/SVM/SVN/SVS 2009 Clinical performance measures for
adults with peripheral artery disease. A report of the American College
of Cardiology Foundation/American Heart Association task force on per-
formance measures (Writing committee to develop clinical performance
measures for peripheral artery disease). Circulation 2010, 122:2583–2618.
32. Landry GJ: Functional outcome of critical limb ischemia. J Vasc Surg 2007,
45(Suppl A):141–148.
33. No authors listed: Second European Consensus Document on chronic
critical leg ischemia. Eur J Vasc Surg 1992, 6(Suppl A):1–32.
34. Bradbury AW, Adam DJ, Bell J, Forbes JF, Fowkes FG, Gillespie I, Ruckley CV,
Raab GM, BASIL trial participants: Bypass versus Angioplasty in Severe
Ischaemia of the Leg (BASIL) trial: An intention-to-treat analysis of
amputation-free and overall survival in patients randomized to a bypass
surgery-first or a balloon angioplasty-first revascularization strategy.
J Vasc Surg 2010, 51(5 Suppl):5–17.
doi:10.1186/1471-2261-13-120
Cite this article as: Keo et al.: The FReedom from Ischemic Events - New
Dimensions for Survival (FRIENDS) registry: design of a prospective
cohort study of patients with advanced peripheral artery disease. BMC
Cardiovascular Disorders 2013 13:120.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Keo et al. BMC Cardiovascular Disorders 2013, 13:120 Page 9 of 9
http://www.biomedcentral.com/1471-2261/13/120